ABSTRACT We report here the effects of vitamin E concentrations (0.0010%, 0.0015% and 0.0020%) in artiÞcial diets on adult emergence and sex ratios of emerging adults of the parasitic wasp, Pimpla turionellae L. (Hymenoptera: Ichneumonidae). We found that average adult emergence was not affected by the absence or presence of vitamin E at the concentrations tested in the diet. However, the sex ratio differed signiÞcantly from a 1:1 ratio, favoring females, at 0.0010% and 0.0015%. A maximum of 65.63% females occurred at the 0.0015% level. When emergence and sex ratio data were viewed on a periodic basis between 10 and 34 d of age of the parasitizing parental females, considerable variation occurred but did not obscure the overall results. The dramatic decrease in the percentage of females emerging in the control and 0.0020% groups beginning on day 19 explains why the overall sex ratio in these two groups did not differ from 1:1. The only additional trend was an apparent decrease in adult emergence toward the end of the experimental period at the 0.0020% level KEY WORDS Pimpla turionellae, vitamin E, sex ratio, adult emergence ALTHOUGH THERE HAVE BEEN numerous studies on the dietary requirement for vitamin E in insects, most of the studies concentrated on insect growth, development, and reproduction (Fraenkel and Blewett
ALTHOUGH THERE HAVE BEEN numerous studies on the dietary requirement for vitamin E in insects, most of the studies concentrated on insect growth, development, and reproduction Blewett 1946, 1947; McFarlane et al. 1959; Chumakova 1962; Ritchot and McFarlane 1962; Meikle and McFarlane 1965; Yazgan 1972; Vanderzant 1974; Turunen 1976; Tsiropoulos 1977 Tsiropoulos , 1980 Tsiropoulos , 1985 Dadd and Kleinjan 1979; McFarlane and Alli 1985; Emre and Yazgan 1990; McFarlane 1992; Bashan and Balci 1994; Kakkar et al. 1996) . Many investigators have demonstrated that vitamin E increases the reproductive performance of insects. For example, addition of vitamin E to the diet of adult female Pimpla turionellae L. (Hymenoptera: Ichneumonidae) gave rise to remarkably high egg production (Emre and Yazgan 1990) . Similar results were obtained with Cryptolaemous montrouzieri Mulsant (Chumakova 1962) , Dacus olea (Gmelin) (Diptera: Tephritidae) (Tsiropoulos 1977) , and Melanogryllus desertus Pallas (Orthoptera: Gryllidae) (Bashan and Balci 1994) . Moreover, the sex ratio of parasitic Hymenoptera can be inßuenced by host size (Kazmer and Luck 1995 , Sandland 1979a , b, 1980 , sperm morphology (Wilkes 1964) , multiple matings (Allen et al. 1994), temperature (KÞr and Luck 1979) , photoperiod (Hoelscher and Vinson 1971) , and nutritional factors (Thompson and Hagen 1999) .
The objectives of this work were to investigate the effect of vitamin E concentrations in synthetic diets of known chemical composition on adult emergence and the sex ratio of P. turionallae.
Materials and Methods
A culture of P. turionellae was established in the laboratory at 23 Ϯ 2ЊC, 50 Ϯ 5% RH, and a photoperiod of 12:12 (L:D) h. Adults were fed with a mixture of 50% honey and the hemolymph of pupae of the greater wax moth, Galleria mellonella (L.) (Lepidoptera: Pyralidae). The synthetic diet of Emre (1988) without vitamin E was used as the control diet. Diet composition is given in Table 1 . Experimental diets were prepared with the same nutrients plus vitamin E (␣-tocopherol acetate) (wt:vol) at 0.0010, 0.0015, and 0.0020%. Vitamin E was added to the diet by dissolving it in the lipid mixture. The changed nutrient balance due to the addition of vitamin E was adjusted by adding the same amount of Tween 80 to the control diet.
Newly emerged unfed P. turionellae adults were used in all experiments. In each replicate in a single series, 10 females and Þve males were transferred to each experimental cage. The test insects were fed by placing small quantities of the test diet onto pieces of aluminum foil. The diets were presented daily for 1 h at the same time each day during the experiments. The cages were regularly cleaned of residues to prevent microbial growth.
The insects were allowed to parasitize their host species beginning 10 d after the start of the experiment and every 3 d thereafter through day 34. Ten G. mellonella pupae were given to the insects for 1 h for that purpose. However, the pupae were wrapped with double layers of netting to prevent feeding on hemolymph. After each egg deposition period, parasitized pupae were transferred into beakers and kept under laboratory conditions for adult emergence. The number of male and female wasps that emerged was recorded. The G. mellonella pupae were dissected to conÞrm the number of pupae that failed to produce an adult P. turionellae. All experiments were repeated at least three times.
Data from the vitamin E feeding experiments were compared with each other and with the control. Statistical analysis was done with StudentÐNewmanÐ Keuls test after conversion of percent values to arcsine (Sokal and Rohlf 1969) . Differences between groups were considered to be signiÞcant at the probability level of 0.05%. The 2 goodness of Þt test was used to establish deviations from the 1:1 sex ratio.
Results
The overall effects of synthetic diets of known chemical composition with and without vitamin E (0.0000, 0.0015, and 0.0020%) on P. turionellae adult emergence and sex ratio are shown in Table 2 . None of the diets tested produced signiÞcant differences in adult emergence. The diets containing 0.0010 and 0.0015% vitamin E raised female emergence in comparison with the other two diets. For both diets, the sex ratio deviated signiÞcantly from 1:1. The concentration of 0.0015% vitamin E gave the highest female emergence.
The effects of vitamin E concentrations on adult emergence and sex ratio, viewed over the course of the experiment, are given in Table 3 . Total adult emergence was not affected by the diets containing 0.0010 and 0.0015% vitamin E compared with the control group. However, a signiÞcantly decreased adult emergence at day 28 occurred in the 0.0020% vitamin E group. Continuation of this trend through the remainder of the experiment may have occurred but was obscured by data variation.
The concentrations of vitamin E tested had no effect on female and male emergence (i.e., sex ratio) compared with the control group on days 13, 16 and 19 (Table 3) . However, considerable variation in the data occurred on most other days tested. For example, female emergence was quite high with 0.0010% vitamin E from days 22 through 31, as it was with 0.0015% on days 22 and 25 and at 0.0020% on days 13 and 28. Nevertheless, the overall effect of vitamin E on adult There is no difference statistically at P ϭ 0.05 level for the data with the same letter in the same column; Student-Newman-Keuls. Data are arithmetic mean Ϯ SD.
sex ratio was clearly shown in Table 2 . As shown in Table 3 , the percent of female emergence decreased dramatically in the control group beginning on day 19 and, with the exception of day 28, also in the 0.0020% group.
Discussion
It is important to improve culture techniques to produce high numbers of females of parasitic Hymenoptera species for use in biological control programs. Although the synthetic diet used in our experiments as a control did not have a negative inßuence on egg numbers produced by P. turionellae adult females nor on egg hatch, compared with the diet that was normally used for stock culture of this insect (Emre 1988) , the data reported here demonstrated that the diets could be improved by adding vitamin E. This was understood from the high number of females that emerged from two of the vitamin E concentrations compared with the control group. Concentrations of vitamin E Ͻ0.0010% also may inßuence female emergence but this effect was not determined.
The results obtained from our experiments indicate that 0.0010 and 0.0015% vitamin E concentrations resulted in maximum female emergence. This result is important compared with the study by Emre and Yazgan (1990) who showed that vitamin E concentration is critical for egg production.
Studies on the effects of vitamin E are limited. However, the addition of vitamin E to other nutrients caused an increase in egg number and the vitamin was necessary for reproduction of P. turionellae (Emre and Yazgan 1990) , as was reported for D. olea (Tsiropoulos 1980 (Tsiropoulos , 1992 , Acheta domesticus (L.) (Orthoptera: Gryllidae) (McFarlane 1988) , and M. desertus (Bashan and Balci 1994) .
Differences in sex ratios of Tetrastichus israeli Mani & Kurian (Hymenoptera: Eulophidae) occurred due to rearing the insect on different hosts that have qualitatively varying essential amino acids (Nadarajan and Jayaraj 1975) . Similarly, increases in amino acid ratios in the nutrients of Itoplectis conquisitor (Say) larvae gave rise to high percentages of female emergence (Yazgan 1972) . Moreover, variations observed in sex ratios of P. turionellae were affected by the qualitative composition of the diets Sandland 1979b.
Female emergence with our control diet group dropped after reaching to maximum level at 13 and 16 d (Table 3) . A similar but less pronounced effect is also evident in the data for the 0.0020% vitamin E diet. However, this effect did not occur when the diets contained 0.0010 and 0.0015% vitamin E. Bressac and Chevrier (1998) reported that the highest egg production occurred after 21 d of the 42-d egg production period of Eupelmus orientalis (Crawford) (Hymenoptera: Eupelmidae) females. Thus, our Þnding that vitamin E at 0.0010 and 0.0015% prevented a drop in female offspring production as parental P. turionellae females aged is important. There is no difference statistically at P ϭ 0.05 level for the data with the same letter in the same column; Student-Newman-Keuls. Data are arithmetic mean Ϯ SD.
